The proximate and elemental compositions of various body parts of Macrobrachium macrobranchion (prawn) obtained from the Great Kwa River, a major tributary of Cross River estuary in Cross River State, Nigeria were investigated using standard methods of AOAC. Results showed that the flesh had significantly higher (p < 0.05) levels of protein, fat and moisture (22.32, 7.70 and 58.40%, respectively) than the other body parts analyzed. Equally high in protein were the head (20.11%) and appendages (19.28%), while the exoskeleton recorded the least protein content (14.02%). The flesh had the least (p < 0.05) crude fibre (0.03%) and carbohydrate (7.22%) contents, and conversely had the least energy value (187.50 kcal/g) among the body parts. Ash content was significantly higher (p < 0.05) in the exoskeleton (7.14%), the appendages (7.01%) and the head (6.05%) than in the flesh (4.30%). Individual elements were also unequally distributed among the four body parts investigated: sodium and potassium were more concentrated in the flesh (189.27 mg/100 g and 114.70 mg/100 g, respectively), while calcium and magnesium were highest in the appendages (99.02 mg/100 g and 171.40 mg/100 g, respectively). The concentration of iron was generally low among the body parts; however, it was highest (p < 0.05) in the head. The usual practice of retaining the flesh and discarding the "hard" parts (head, exoskeleton and appendages) of prawn during food preparation should be discouraged as this may promote wastage of important nutrients.
Introduction
The high prevalence of diet-related chronic diseases in developed and developing countries of the world has led to increased public awareness and interest in human nutrition. It has now become popular for consumers to actively select foods for health maintenance and disease prevention. The current wave of scientific literature which links diet with the incidence of certain diseases has brought seafood to the attention of the health-conscious public. Epidemiological studies have shown that those cultures that predominantly consume seafood have low incidence of heart attacks (Hu et al., 2002; Willett, 2007) . According to the Institute of Medicine (IOM, 2006) report, seafood is nutrient-rich and provides high quality protein that is low in saturated fat and rich in polyunsaturated fats especially the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Regular consumption of seafood has been linked to health benefits for the general population.
Prawns are a group of popular sea foods found worldwide. They are physically similar and very closely related to shrimps, belonging to the same order Decapoda of the class Crustacea and only distinguishable in their gill structure. In markets and restaurants the two words (shrimps/ prawns) are used interchangeably. Prawns serve a number of economic purposes including source of food, foreign exchange, income and provision of employment (Akegbejo-Samson, 1997) . Prawns are highly relished, and amongst the leading priced sea foods on the global menu. Prawn has been reported to be the most important internationally traded fishery commodity in terms of value (Gillett, 2008) . In many tropical developing countries including Nigeria, prawn is the most valuable fishery export, while the employment aspect is also significant (Areola, 2007; Gillett, 2008) . The global market for prawns is ever on the increase largely due to high rate of consumption in the US, Europe and Japan (US Trade Representative, 2005; Zabbey, Erondu, & Hart, 2010) . In Nigeria, the demand for prawns far outstrips its supply (Sogbesan, Olowosegun, & Ibiyo, 2005; Areola, 2007) .
In the diet, prawns supply good quality proteins, vitamins A and D, and several dietary minerals especially calcium and iron (Abulude, Lawal, Ehikhamen, Adesanya, & Ashafa, 2006) . When consumed whole, they also supply appreciable quantities of dietary fibre, which is low or undetectable in the flesh (Adeyeye & Adubiaro, 2004) . Studies by Ravichandran, Ramesh Kumar, and Prince (2009) revealed that prawns are extremely low in fat and calories, making them a very healthy choice of food. Apart from its low fat content, prawns serve as a major source of omega-3 fatty acids which lower the total serum cholesterol levels (Stansby, 1982) , and also prevent heart diseases and a number of circulatory problems. On account of the very low animal protein intake by Nigerians due primarily to the decrease in per capita production, prawns have become a major source of animal protein especially for the low income earners because of its low price and availability (Adeyeye, 1996) . According to Oladimeji and Sadiku (1991) , prawns are among the cheapest sources of animal protein and account for about 40 % of the total animal protein intake of the average Nigerian.
Like other crustaceans such as crayfish, crabs and lobsters, prawns are rich in chitin a structural polysaccharide that has proven useful for several medical and industrial purposes (Park & Kim, 2010; P. Morganti, G. Morganti, & A. Morganti, 2011) . A number of studies have shown that the crustacean shells are the most important source of chitin for commercial use due to its high content and ready availability (Gagné & Simpson, 1993; Subasinghe, 1999; Wang & Xing, 2007; Morganti et al., 2011; W. Arabia, L. Arabia, Adour, & Amrane, 2012) .
In Nigeria as well as many other parts of the world, prawn consumers seem to be more interested in the consumption of the fleshy parts of the shell fish, while the hard parts are often discarded. Thus, preparing prawns for consumption usually involves removing the hard parts such as the head, shell or exoskeleton, carapace and tail (Zhai & Hawkins, 2002; Gimeno et al., 2007) . This study sought to investigate the desirability or otherwise, of the continuous exclusion of these hard parts from human diets. Hence, we examined the proximate composition and mineral content of the different body parts of prawn (Macrobrachium macrobranchion).
Materials and Methods

Sample Collection and Preparation for Analyses
The fresh prawn (M. macrobranchion) samples used in this study were purchased at Obufa Esuk beach market from fishermen who caught them in the Great Kwa River, a major tributary of Cross River Estuary in February 2010. The samples were immediately conveyed to the research laboratory in the department of Zoology and Environmental Biology, University of Calabar. The samples were carefully washed with tap water after which they were thoroughly rinsed with distilled water. The different body parts namely, the head region (A), appendages (B), exoskeleton with carapace (C) and the flesh (D), were separately removed. A portion of each fresh part was taken out for moisture determination while the other part was dried in an electric oven at between 55°C and 60°C to a constant weight and allowed to cool. It was then ground to fine powder using a standard mill, kept in an airtight sample bottle with thorough identification and stored in the refrigerator at -20°C pending analysis.
Proximate Analysis
The levels of protein, fat, moisture and ash (proximate composition) in the head, appendages, exoskeleton (with carapace), and the flesh were determined by the methods of Association of Official Analytical Chemists (AOAC, 2005) . For moisture content, 2 g of each fresh body part was dried to a constant weight at 87-98°C with the aid of an electric oven (Astell Heason, England) for 24 hours. Moisture content was taken as the weight loss at the end of the drying period. Protein was determined by the micro-Kjeldahl method which estimated the amount of nitrogen in the sample and subsequently multiplied by a factor of 6.25. Fat content was obtained by intermittent extraction with petroleum ether (B. P. 40-60°C) using Soxhlet apparatus (Corning, England). Ash was determined from the residue left after incineration of a weighed portion of the sample at 550°C using a muffle furnace. Crude fibre was estimated by boiling the sample with 1.25% (w/v) sulphuric acid and then with 1.25% (w/v) sodium hydroxide and incinerating the residue at 550°C; the loss in weight represented the crude fibre content of the sample (AOAC, 2005) . Carbohydrate content was obtained by difference after subtracting the moisture, protein, fat and ash from the total dry matter, expressed in percentage.
Determination of Energy Value
The caloric value, expressed as kcal/g of each body part was calculated using the Atwater factors for protein, fat, and carbohydrate (Atwater & Bryant, 1900 was multiplied by 4, fat was multiplied by 9, and digestible carbohydrate was multiplied by 4. Energy was calculated as the sum of the three values. That is, Energy = [protein (x 4) + fat (x 9) + carbohydrate (x 4)] kcal/g.
Determination of Mineral Elements
Elemental composition was analysed using the solution obtained by dry-ashing the samples at 550°C and dissolving in distilled water with a few drops of concentrated hydrochloric acid in a volumetric flask. Sodium (Na) and potassium (K) were measured with a Corning U.K. Model 405 flame photometer (AOAC, 1990) while iron (Fe), magnesium (Mg) and calcium (Ca) were obtained spectrophotometrically (AOAC, 1990).
Statistical Analysis
All results were submitted to one-way analysis of variance (ANOVA) using the statistical package for social sciences (SPSS) 2009 (version 17.0).
Results
Proximate Composition
Data obtained on the proximate analysis of the different body parts are as shown in Figure 1 . The moisture content ranged from 33.04% in the exoskeleton to 58.40% in the flesh. Similarly, the highest protein content (22.32%) occurred in the flesh while exoskeleton had the least (14.02%); protein content of the head and appendages was comparable (20.11% and 19.28%, respectively). Again, fat content was highest (7.70%) in the flesh and least (4.04%) in the exoskeleton. However, the flesh recorded the least ash content (4.30%) while the exoskeleton had the highest (7.14%), closely followed by the appendages (7.01%). Crude fibre and carbohydrate contents were also least in the flesh (0.03% and 7.22%, respectively) but highest in the exoskeleton (7.20% and 34.51%, respectively). Figure 2 shows the energy value of the various body parts. Energy was generally fairly distributed among the four body parts, the highest occurring in the exoskeleton (230 kcal/g).
Energy Value
Mineral Composition
The results of the elemental composition are shown in Figure 3 . Sodium and potassium were highest (p < 0.05) in the flesh, which also recorded low iron and calcium contents (4.83 ± 0.02 mg/100 g and 61.02 ± 0.03 mg/100 g, respectively). The appendages had the highest calcium (99.02 ± 0.03 mg/100 g) and magnesium (171.40 ± 0.20 mg/100 g) contents. Values are mean ± SD, n = 3; P < 0.05 vs App., a = P < 0.05 vs head; b = P < 0.05 vs exos. Values are mean ± SD, n = 3; *P < 0.05 vs App., a = P < 0.05 vs head; b = P < 0.05 vs exos.
Discussion
Crustaceans are generally known to constitute important nutritional components in the average diets of a vast population in both developing and developed societies, particularly where higher animal proteins are either unaffordable or unavailable (Fasakin, Bello-Olusoji, & Oyekanmi, 2000) . According to Abulude et al. (2006) , the prawn is valuable in the diet because it provides good quality protein, vitamins A and D, as well as several important dietary minerals especially calcium and iron. However, literature reports indicate that the biochemical/ nutrient composition of any organism may vary with the parts of the animal, season, size and stage of maturity, and the chemical nature of its habitat (Soundarapandian & Ananthan, 2008; Dinakaran & Soundarapandian, 2009; Ehigiator & Nwangwu, 2011 The results of this study show that the head, appendages, exoskeleton are as rich as the flesh in terms of proximate and mineral compositions. However, the carbohydrate content and calorie value of the exoskeleton was observed to be higher than the contents recorded for the flesh. On the contrary, the moisture and protein contents of the flesh, head and appendages were comparatively higher (p < 0.05) than in the exoskeleton. This observation disagrees with report of Ravichandran et al. (2009) for Indian white shrimp Penaeus indicus, but agrees with the results of the work reported by Ehigiator and Nwangwu (2011) for two prawn species M. vollenhovenii and M. macrobranchion. Also, the crude fibre content of the flesh was observed to be very low, compared to the exoskeleton, and the appendages. The low flesh crude fibre content is consistent with the report of Ehigiator and Nwangwu (2011) , but contrasts with the report of Ravichandran et al. (2009) . The higher carbohydrate content and calorie value of the exoskeleton may be attributed to the presence of chitin, a linear polymer of acetyl D-glucosamine with similar properties to cellulose (Morganti et al., 2011) .
A high protein level is also observed for the head, appendages and fleshy portion of the prawn, compared to the exoskeleton. The level of protein obtained in this study is higher than that reported by Fasakin et al. (2000) for M. vollenhovemi. However, the protein content of the different body parts of the prawn recorded here is relatively lower than that reported by Ehigiator and Nwangwu (2011) for the whole body, the flesh and the exoskeleton of freshwater prawn, and by Ravichandran et al. (2009) for P. indicus. Dinakaran and Soundarapandian (2009) reported that protein is one of the most prominent biochemical components of crustaceans and its quantity in this class of organisms is largely influenced by the extent of fat and water contents, stage of maturity and sex of the organism. Some earlier publications reported inverse relationship between lipids and protein (Pillay & Nair, 1973; Sriraman, 1978; Radhakrishnan, 1979) . Pillay and Nair (1973) also found an inverse relationship between lipids and moisture content. Our study did not observe this kind of relationship rather both fat and moisture was highest in the flesh which also recorded the highest level of protein.
The results of our study also show that mineral elements are disproportionately distributed to different parts of the prawn. While calcium content of the head, appendages and exoskeleton is observed to be higher than that of the flesh, the sodium and potassium contents of the flesh are higher than those of the other parts. Iron content was also lower in the flesh than most of the other body parts.
Conclusion
Results of the present study have shown varying concentrations of essential nutrients in the different body parts of M. macrobranchion. For instance, calcium is more concentrated in the hard body parts than the flesh, while iron is also obtained in appreciable quantities in all the body parts. From the results, all the body parts of M. macrobranchion contain essential nutrients required for proper functioning of the human/ animal body. For maximum utilization of these nutrients, it is suggested that all body parts of the prawn should be blended together and used in food preparation/ formulation.
